Melanopic measurements and experiences from three senior citizen facilities to the existing (non-visual) metrics and HCL design guidelines, guidelines for maintaining and regular inspections should be established.
Introduction
In addition to the visual function, light has also non-visual effects on the human body. It controls e.g. the pupil diameter, affects the heart rate as well as the body temperature and influences the production of hormones. These effects are mainly controlled by "intrinsically photosensitive retinal ganglion cells" (ipRGCs or pRGCs), which represents about 2-6% of the total amount of ganglion cells. These specialized neurons express receptors with the photoreactive protein "melanopsin". This nonvisual photoreceptor is most sensitive to light of wavelength λ = 480 nm [1, 2] . Today IpRGCs are found in the retina with at least five different subtypes, designated M1 through M5. Schmidt et al. report that the subtype M1 is responsible for the main non-visual effects regarding entrainment of the inner clock and modulation of the pupillary light reflex [3] . The wavelength-dependent sensitivity is represented by the s mel (λ) function (Figure 1 ). Therefore non-visual metrics [4] were proposed, and daylight equivalent measures bring the opportunity to use photopic measures (e.g. Lux) instead of radiometric measures (e.g. W/m 2 ), which is essential for all lighting designers and existing design software. In this project we wanted to check whether three lighting installations for elderly homes (all installed after 2010), meet actual melanopic recommendations and if effects were reported.
Abstract:
Light is an important factor for regulation of circadian, endocrine and metabolic processes in the human body. Through this light has a positive effect on cognition, on the stabilization of circadian rhythms and for general wellbeing. These effects are described as non-visual effects of light. Many dynamic lighting systems are already in use in workplaces and living spaces, aiming to address visual and also non-visual effects. In Europe and US the term "Human Centric Lighting" or abbreviated "HCL" was introduced, as a scientifically agreed concept on how to plan non-visual effects of artificial light in synergy with natural light. Older people, especially with neurological and psychological diseases can especially benefit from this lighting concept. However, in order to achieve the desired non-visual effects, certain conditions should be fulfilled. In Germany the DIN SPEC 67600 is a guideline for the design of biologically effective illumination, with examples for senior-and nursing homes.
A goal of this evaluation was to check whether the recommendations of the specification DIN SPEC 67600 in three nursing homes were met and another goal was if effectiveness of the lighting on residents and nursing staff can be determined. Photometric measurements were taken and subjective perceived non-visual effects of light were surveyed using a questionnaire. Results: Although none of the three facilities met all the criteria of the DIN SPEC 67600 guidelines, non-visual lighting effects on residents and nursing staff could be detected. The results also indicate that careful attention should be paid on maintenance of HCL systems. The correct use of HCL solutions in homes for the elderly has opportunities to improve health status if the system is properly designed and maintained. Therefore next
Materials and Methods
In this work, three lighting installations in care homes were evaluated. One in Munich, one in Dortmund and one in upper Bavaria. For this purpose nonvisual photometric measurements (according to DIN SPEC 5031-100:2015) were carried out and the measured results were evaluated. In addition, perceived impressions of users and personnel of the lighting installation were evaluated using a questionnaire.
Lighting System and Scenes
The lighting systems of the nursing homes evaluated were equipped with FL-Tubes and a DALI bus lighting management system. The dynamic lighting system can automatically adjust CCT and illuminance using preprogrammed lighting scenes. The default programming of the scenes is shown in Table 1 . Each type of the luminaires incorporates two light sources, one with 6500K and one with 3000K. 
Non-visual lighting metrology
Currently, the measurement of non-visual effects is defined by the action spectrum of melanopsin, recognizing the interaction between all photoreceptors in the human retina, according to a conference of leading scientists in Manchester 
This MDEI can be used in Lighting Design Software to plan non-visual properties of luminaires. and photopic efficiency functions. The melanopic effect corresponds to the spectral weighting with smel (λ) and the visual effect (photopic) corresponds to spectral weighting with V(λ). It can be seen that natural light has more nonvisual effective spectral components than are considered in the photometric weighting with V(λ).
Subjective assessment of lighting effects
Caregivers and suitable residents were interviewed by two different non-standardized questionnaires with 22 items for caregivers and 7 items for inhabitants. The question was if they perceived any change since the lighting was changed, if they were already in the respective residence. Items were grouped regarding sleep, (circadian support), activation, night wandering, falls and pleasantness of lighting. Since the inhabitants were partially impaired, all fields were marked with a cross according to the statement of the residents, if they could not fill in the questionnaire.
Results
The photopic Illuminances of all three residences were above 300 lx (mean at 0,75m). The MDEIs in the morning (from 7:00 am to 12:00 am) were below 240 lx (mean on eye level). The MDEIs in the night time (from 9:00 pm to 7:00 am) were below 45lx (mean on eye level). The results of the questionnaires showed better ratings than the previous lighting installation. See Table 2 . As an Example of the spatial distribution for the morning condition of photopic measures see Figure 2 and for melanopic measures (MDEI) see Figure 3 .
Maintenance aspects: At certain measurement points, the melanopic night values were even higher than the in the scene day. The cause was the largely incorrect assembly of the luminaires with confusion of cold and warm white light sources. Because of a defective control unit in one residence dynamic change of the illumination was not working. However, the lighting was switched by the nursing staff to a scene day and night manually. 
Discussion
The pre-programmed scenes for the morning, afternoon and evening were in accordance with DIN SPEC 67600 proposed timing schemes. The photopic measures on tables/desks/floors were according to the German regulations (ASR 3.1). The non-visual parameter MDEI was in all residences below the suggested value of 240 lx (mean on eye level) in the morning. The resident survey results indicate that the respondents' circadian rhythms are synchronized with the environment. They get tired in the evening, have a positive sleep and sleep-through behaviour and feel vigilant in the morning. The latter effect may also indicate the activating effect of the illumination. However, some respondents also stated that they are tired during the day. In addition, the lighting is perceived by the residents as not unpleasant. These results are mostly consistent with the staff survey. The interviewed staff members were also able to determine a positive sleep and sleep habits of the residents. The respondents also noted a decline in falls and nightly wandering. They were able to establish a positive sleepthrough behaviour and feel comfortable and concentrated in the morning. In addition, the staff indicated that the lighting provided a comfortable viewing experience and that the work had been more enjoyable since the dynamic lighting system was put into operation. However, dose-effect relationships, which are most relevant, cannot be calculated with spatial distributions. Because inhabitants go outside, are in the rooms, or are on other places, combined measurements with a personal non-visual dosimeter would be helpful to evaluate the effects of a human centric lighting installation based on the amount of light obtained by the participant.
Limitations: As the intention was to test whether already working dynamic light installations are compliant with new non-visual metrics, the limitations of this field study are a small sample size of care homes and survey participants, not standardized and evaluated questionnaires and the lack of personal dosimeter data. .Also should be noted that impairment or disease prevalence, drug use or caffeine or tee intake was not evaluated, which all can have a significant impact on behaviour and wellbeing.
Conclusion
The installation of new dynamic fluorescent lighting in care homes appears to contribute to wide ranging improvements in wellbeing, vigilance and protection of falls amongst study participants. However, none of the nursing homes evaluated met all the requirements for non-visual effective lighting. In addition, due to defective control units or improper replacements of fluorescence tubes, even health threatening effects could arise. Nevertheless, the results of the subjective ratings of the staff showed that a reduction in falls and nightly hikers. In addition, the sleep and sleep habits as well as the concentration of the residents improved. The lighting was well accepted and has the potential to be a cost-effective means of impacting upon senior wellbeing and sound sleep. The results also indicate that careful attention should be paid on maintenance of HCL systems. The correct use of HCL solutions in homes for the elderly has opportunities to improve health status if the system is properly designed and regularly checked and maintained.
Author Statement
Research funding: The author state no funding involved. Conflict of interest: Authors state no conflict of interest. Informed consent: Informed consent has been obtained from all individuals included in this study. Ethical approval: The research related to human use complies with all the relevant national regulations, institutional policies and was performed in accordance with the tenets of the Helsinki Declaration, and has been approved by the authors' institutional review board or equivalent committee.
